Introduction
Many obese patients can undergo prolonged starvation and lose large amounts of weight (Drenick et al., 1964; Thomson et al., 1966; Runcie and Thomson, 1970) . Under these conditions the rate of weight loss is greatest initially and thereafter falls off (Rapoport et al., 1965) . It has been suggested that weight loss in starvation results from the breakdown of lean rather than adipose tissue (Benoit et al., 1965) . We have reviewed the weight loss responses in 76 fasting, obese patients (58 females and 18 males) throughout extended starvation to define the normal response. Since there are no large carbohydrate reserves in the body metabolic energy needs can be met only by the catabolism of fat in adipose tissue or protein in lean body mass or of some combination of these two-the metabolic "fuel mix." In this study breakdown of lean tissue was measured continuously throughout fasting in a number of patients as either total protein degradation (urinary nitrogen excretion) or urinary potassium loss to provide a continuous measure of the varying proportions of lean tissue and fat metabolized. These values were also used to calculate the mean energy production of fasting, obese subjects.
Patients and Methods
The patients' obesity was either massive or refractory to treatment or they suffered from serious intercurrent disease aggravated by obesity. Before fasting all patients received a normal ward diet. The therapeutic regimen consisted simply of no food. Water-soluble vitamins (Multivite tablets) were the only supplements allowed. Water was not restricted. Patients adopted their own level of physical activity. No attempt was made to measure energy utilization direct, primarily because of the long starvation periods employed. Patients were weighed daily after rising and emptying the bladder. The urine of 35 patients was collected continuously throughout fasting and an aliquot of each 24-hour specimen was analysed for its potassium content by a standard flame photometer technique. In 28 patients (18 females and 10 males) urinary nitrogen excretion was measured by a macroKjeldahl method incorporating a multidistillation apparatus.
In seven females changes in whole-body potassium throughout starvation were measured by a scanning type of wholebody monitor. The machine is housed in a custom-built steel room. It consists of a ring of six sodium iodide detectors, three above and three below the patient. Each detector is 15 cm in diameter and 10 cm in depth. An estimation takes 44 minutes. Calibration data, principally to take account of the differences in absorption of radiation by subjects of varying size and body thickness, were obtained by extensive studies with 40K-filled phantoms. Water-filled bags were used to simulate varying thicknesses of adipose tissue. The results were similar to the calibration data of Cohn and Dombrowski (1970) 
Results

WEIGHT LOSS
To facilitate presentation and analysis of data and comparison of results weight loss up to day 30 of starvation is considered. This period divided into two phases, 1 to 14 days and 15 to 30 days, to separate the initial phase of rapid weight loss and the later, slower weight loss of established starvation. The choice of day 14 to divide these phases is slightly arbitrary in that the transition commonly occurs between days 4 and 8 of starvation but in some patients occurs later than day 8 and in a few occurs before day 4. In all cases the transition had taken place by day 14. Males and females were analysed separately (table I).
During days 1 to 14 the mean weight loss (± 2 S.E.) was significantly greater in males (10-2±0-9 kg) than in females (7 7±0-5 kg) (P <0 001). This was largely attributable to the greater initial weight of males. But when this effect was removed by considering percentage weight losses this difference (8-3±0 5% for males; 7-440A4% for females) remained significant (P <0 0J). In established starvation (more than 14 days) the mean weight losses between days 15 and 22 and 23 and 30 were similar for males and females, showing that the normal response was one of a linear loss of weight in this period. There were, however, wide individual variations on this pattem. This was most apparent in females, some of whom showed a stepwise weight loss. These differences are thought to be due to variable but reversible water retention by the kidneys. In the extreme form this may be manifested as periodic oedema.
Weight loss data can altematively be expressed by plotting the mean daily weights, as shown in fig. 2 (fig. 4) . The mean daily loss (± 2 S.E.) for females and males on day 1 was 35-3 ±3-2 and 37-2 ±5 0 mEq respectively. The respective values on day 30 were 14-5±3-2 and 16-5±3-2 mEq. The mean (± 2 S.E.) cumulative potassium loss in females over this period was 635 ± 102 rnEq. (Graham, 1970 Integration of the data in fig. 6 shows that the contribution of lean tissue and fat breakdown to total weight loss during days 355 1 to 14 was 6-8±0-8 kg in males and 4'7±0'6 kg in females. The observed weight losses, however, were 10-2+0-9 and 7-7±0'5 kg respectively. The excess losses of 3-4±1-2 kg in males and 3-0±0-8 kg in females can be accounted for only by irreversible fluid loss in this period.
Discussion
Though there are wide variations among obese patients in the amount of weight lost over a period of starvation this study shows that weight loss usually conforms to a typical and highly reproducible pattern (fig. 2) . The biphasic nature of weight loss was not apparent in early studies because the fasting periods never exceeded 14 days (Bloom, 1959; Duncan et al., 1962) . At the outset weight loss is a complex effect resulting from breakdown of lean tissue (hydrated protein), utilization of body fat, and elimination of some 3 to 5 1. of body fluid. In established starvation (more than 14 days) the rate of weight loss is less but virtually constant and is due solely to the catabolism of lean tissue and fat.
The results (fig. 6) show that protein is never a significant source of energy at any point in starvation. Its comparatively large-scale catabolism in the initial period of fasting is due to a continuing dependence of the central nervous system on proteinderived glucose as a metabolic substrate (Cahill et al., 1966) . The subsequent switch of nervous tissue to direct utilization of the products of fat breakdown reduces body demand for glucose. The metabolic needs of those tissues, such as the red cell and the adrenal medulla, which remain obligatorily glycolytic can be met largely by glucose synthesis de novo from carbon fragments by theliver and kidney (Felig et al., 1969) . Though it has been shown that the enzymes necessary for ketone body dissimilation are present widely and in high concentration throughout the brain (Page and Williamson, 1971) the factors which promote this change are not known. A better understanding of this mechanism raises the intriguing possibility that the prognosis in brain-damaged subjects might be improved if this change in cerebral substrate utilization could be effected.
Obesity is a heterogeneous disease complex showing social bias in women and a correlation with alcoholism in men (Goldblatt et al., 1965) . Further evidence of this heterogeneity can be inferred from tableI. There were significant sex differences in weight loss but, in addition, in males the response was more uniform, as shown by their smaller standard deviations. During days 1 to 14 eight females (14%) lost less than 5'5% of their prefast weight. By contrast the least weight lost by males in this period was 6-3%, and this was in the heaviest subject. This difference wasmaintained in established starvation. Energy is required for basal metabolism, a relatively constant requirement, and physical activity. Since all patients adopted their own level of physical activity this finding suggests that obesity in some females, more so than in males, may be due to an abnormally low level of spontaneous activity. This variant of obesity would require a different therapeutic approach. In grossly obese patients (over 100 kg) a related phenomenon may be observed. In many, after marked but variable weight loss is achieved the rate of weight loss increases, suggesting that a real increase in spontaneous activity has occurred. Such a response would explain, at least in part, the refractory nature of gross obesity and underlines the need to promote meaningful weight loss in such subjects. (Munro et al., 1970) . We describe here the further follow-up of 75 patients with refractory obesity after fasting.
Patients and Methods
All -the pa-tients had failed to make satisfactory progress while attending an obesity clinic, had expressed -the desire to be admitted to hospital for starvation, and were willing to remain in hospital until reduced -to within 25% in excess of their ideal weight. Altogether 27 were male patients with an average age of 30 years (range 14 to 53 years) and 48 were female patients with an average of 29 years (range 15 to 57 years). They were admited to a hospi-tal wi,th good rehabilitative facilities and began the starvation regimen after a short assessment period. The emphasis throughout was on trust rather than supervision and many admitted -to periodic cheating. Initially a low-energy, carbohydrate-restricted meal was provided if specifically requested and many -took one such meal a week. This offer was subsequently withheld but in other respects the regimen as previously described was followed (Munro et al., 1970) .
Five patients (three women and two men) discharged themselves within a week or so and are excluded from further analysis. The mean admission weight of the remaining 45 women was 75 3% (range 41 'to 141 %) in excess of their ideal weight and that of the 25 men 775% (range 45 to 123%) in excess of their ideal weight.
At the completion of fastng patients were re-fed in hospital for four to seven days and offered further dietary advice. During follow-up -the policy was to see them at intervals of four weeks or less. They were given every encouragement to lose weight and they and their close rela-tives had the opportunity of at-tending a monthly "group" session held during and after starvation. Many were treated with anorectic drugs, four were .readmimrted for starvation, and 11 underwent further short periods of outpatient fasting. The patients were subdivided according to sex, percentage in excess of their ideal weight at the time of admission, and whether or not -they reduced to within 25% in excess of their ideal weigh-t at the completion of fasting. The following criteria were applied to evaluate the outcome of treatment: default, default from the clinic within 12 months of discharge and without subsequent reattendance; failure, a gain of 15 kg or of 50% of the total weight lost during -starvation; modified success, a gain of 10 to 15 kg or of 33 to 50% of -the total weight lost during starvation; success, a gain of less than 10 kg and less than 33% of -the weight lost. Patienits followed for at least 12 months but who then failed to attend were classified as "succeses,"
"modified successes," or "failures," wih subsequent default.
Results
Duinng a mean fast of 14 weeks the mean weight loss was 29-6 kg, but only 39 patients, including four of the 12 most
